Since the most important feature of the gp70(Glx) system is the suggestion that in at least some strains of mice expression of an endogenous viral genome is linked to differentiation, we wanted to determine which cells of adult and Next, the differences in rate of degradation of gp70 in vivo in NZW (high gp70) and C57BL/st (low gp70) mice were studied. One mouse of each strain received 150 ng Friend gp70 carrying a label of 5/~Ci '~'~I. The '~'~I of this preparation was 85% precipitable in 10% TCA. 5 h later the mice were exsanguinated and their complete viscera made into a 10% homogenate. The amounts of TCA-precipitable 125I in serum and viscera were determined and considered to reflect the amount of gp70 still undegraded.
The third experiment undertook to determine whether gp70 might be removed from the circulation and concentrated in any of the tissues. A single 129 G[x-male mouse received via combined i.v. and i.p. routes 6 ml of NZB serum containing 345/~g gp70 over a 4-h period. 6 h after the last injection he was exsanguinated and blood and tissue samples were taken for quantitative gp70 determinations and for immunofluorescence examination: In addition, one 129 G[x + and one 129 Grx-mouse received via i.v. and i.p. routes 10 ml of NZB serum containing 570 ~g gp70 over a 4-day period. 18 h after the last injection, they were exsanguinated and studied for gp70 as above.
Results

Distribution of gp70 in Tissues of Adult and Fetal
Mice. gp70 was demonstrated by immunofluorescence in epithelial, lymphoid, and hematopoietic cells in different intensities in various organs of 10 mouse strains studied. The NZW, NZB, and (NZB × NZW)F1 had large amounts of GP70; the AKR and the 129 G~x + intermediate amounts; and the C57BL/st, NIH Swiss, and nude mice small amounts. The 129 Gix-mice had virtually no detectable gp70.
HEMATOPOIETIC AND LYMPHOID TISSUE. Sections from the thymus, spleen, and bone marrow of the NZ mice contained faint staining for gp70, which accentuated the surface of most cells; in the spleen, the staining was most prominent in the periarterial tissue. In addition, clusters of rectangular cells (as many as 20% of the cells) which had bright cytoplasmic staining were present in the thymic medulla. Scattered cells with positive cytoplasm were also seen in the spleen and the bone marrow. Staining was also seen adjacent to cells in the central areas of the germinal vesicles of the spleen. Staining of decreasing intensity was present in the 129 G~x +, C57BL/st, and the NIH Swiss thymus and spleen and the nude spleen. The 129 G~x-had no detectable gp70 in the thymus and only equivocal staining in the spleen. REPRODUCTIVE TRACT. Intense staining for gp70 in the epithelium of the epididymis and vas deferens was found in the NZ mice (Figs. 1 A, 1 B, and 2 A). In the ductus epididymis the staining was largely confined to the stereocilia border of the columnar epithelium, with small amounts of positively staining material present in the luminal contents (Fig. 1 A) . In the portions of the epididymis nearer the testis, staining was observed within the cytoplasm of the epididymal epithelium (Fig. 1 B) . The stereocilia of the AKR mice also stained brightly; in areas cells were occasionally found with intense cytoplasmic staining correlating to cells with stereocilia deposits (Fig. 1 C) . In the 129 G~x +, BALB/c, C57BL/st, NIH Swiss, and nude mice the stereocilia deposits were less intense, respectively, and involved only segments of the stereocilia (Figs. 1 D and 1 E). These latter strains had less intense staining of the vas deferens epithelium as well. The 129 G~x-were essentially free of detectable deposits in both the epididymis and vas deferens (Fig. 1 F) . The seminal vesicles and prostate of the NZW had staining of the luminal aspect of the lining epithelium, in the luminal contents and in the glandular epithelium, respectively (Figs. 2 A and 2 B). Small amounts of gp70 were present in the seminal vesicles of the C57BL/st as well. No specific s t a i n i n g was identified in t h e testis of a n y of the mouse s t r a i n s .
The u t e r i n e wall of n o n p r e g n a n t NZB, NZW, a n d C57BL/st mice h a d slight s t a i n i n g for gp70. S t a i n i n g s e e m e d to increase in i n t e n s i t y when the u t e r u s was gravid. G l a n d u l a r s t r u c t u r e s in t h e g r a v i d u t e r i n e wall of these t h r e e s t r a i n s of mice s t a i n e d i n t e n s e l y (Fig. 2 C) . The ovaries of t h e N Z W a n d NZB mice occasionally had cells with cytoplasmic staining. The epithelium of the fallopian tubes of the NZB, NZW, and C57BL/st contained diffuse cytoplasmic staining. The mammary epithelium of the gravid NZB and NZW mice on days 7-18 of gestation stained intensely (Fig. 2 D) DIGESTIVE TRACT. Cells in the lamina propria of the villi and the epithelium of the crypts of Lieberkuhn in the jejunum and ileum stained brightly for gp70 in the NZ mice (Fig. 3 A) . Decreasing staining was present in the 129 G~x + (Fig. 3  B) , C57BL/st, and NIH Swiss mice. No staining was seen in the 129 G~x-or nude mouse intestine. Lymphoid tissue in the intestinal wall stained brightly in the NZ and 129 G~x + mice. In the colon, cytoplasmic staining was observed in cells in the lamina propria and the epithelium of the glands of Lieberkuhn, extending to the cells exposed to the lumen in the NZ and 129 Gix ÷ mice. Very faint staining was present in the hepatic sinusoids and bright staining was found in the bile duct epithelium of the NZB and NZW mice. Less intense staining was noted in the bile duct epithelium of the NIH Swiss, C57BL/st, and 129 G~x + mice. No bile duct staining was observed in the nude or 129 G~x-mice. Intense staining for gp70 was observed in the gall bladder ( Fig. 3 C) and the pancreatic and salivary gland epithelium of the NZ mice, and to a much lesser extent, in the C57BL/st and the 129 Gtx ÷ mice. No staining was present in these organs of the 129 G~x mice.
OTHER ORGANS. Staining for gp70 was striking in the cytoplasm accentuating the luminal aspect of the epithelium of small diameter renal tubules in the NZ mice (Fig. 3 D) . Similar but less intense staining was seen in the kidneys of NIH Swiss, C57BL/st and 129 GIX + mice, while the nude and 129 G~x-mice were negative. Skin and skeletal muscle of the NZ mice were negative for gp70.
FETAL TISSUES. Expression of other virus markers in maternal and fetal tissues during murine and chick development has been documented (25-28) and we present here a similar analysis for gp70 in the mouse. The relatively large amount of this protein makes possible both histologic localization and quantitation. Serial sections of NZB, NZW, and C57BL/st embryos of known gestation were examined. On day 10, no staining for gp70 was observed in the fetuses of any of three strains. On day 14, comparable staining was observed in the fetal livers of the NZB, NZW, and C57BL/st mice in a pattern similar to that described for adult bone marrow (Fig. 4 A) . By the 18th day of gestation, the distribution of gp70 was similar to that described in the adult mice, with a few exceptions. The liver retained areas in which staining resembled that of adult bone marrow (Fig. 4 B) . Deposits were observed in the developing alveolar air sacs of the NZB and NZW mice (Fig. 4 B) . This staining had not been noted in the adult NZW lung studied. Staining was present along the luminal aspect of the pancreatic acini (Fig. 4C) , in the cytoplasm of the cells of the crypts of Lieberkuhn (Fig. 4 C) , and in the lamina propria of the small intestine. Intense staining was also detected in clusters of cells in the medullary areas of the thymus (Fig. 4 D) . Scattered cells with faint cytoplasmic staining were also seen in the 18-day fetal skin of NZB and NZW mice. The 18-day C57BL/st embryo contained staining in a distribution much like that described in the NZB and NZW embryos, only of less intensity. Tiny flecks of fluorescent material were present in the vascular intricacies of the placenta on days 10, 14, and 18 of gestation in the NZB and NZW mice. The kidney of a NZW mouse had bright cytoplasmic gp70 staining in scattered small diameter tubules (arrows). In some areas, the staining was most intense on the luminal aspect of the tubular epithelium. Indirect immunofluorescence using goat anti-Rauscher gp70 antisera and fluorescein isothiocyanate-conjugated rabbit antigoat IgG. Original magnification, (A) and (B) 160; and (C) and (D) 250.
Specificity of the Immunofluorescent Staining. I n a d d i t i o n to t h e u s u a l
controls for i m m u n o f l u o r e s c e n c e , the a v a i l a b i l i t y of 129 G~x + a n d 129 G~x-congenic mice p r o v i d e d b o t h positive a n d n e g a t i v e controls for t h e specificity of o u r s t a i n i n g . We w e r e also a b l e to block t h e f l u o r e s c e n t s t a i n i n g of all t h e organs of the NZW mouse by absorbing the goat anti-gp70 with purified MuLV (Scripps) before reacting it with tissue.
Molecular Properties of gp70 in Tissues of Adult and Fetal Mice. A study of the molecular properties of gp70 isolated from different tissues will be presented elsewhere. 3 Some data are presented here to illustrate that fluorescent staining of a tissue was accompanied by the presence at that site of an antigen with molecular properties of gp70. When the surfaces of bone marrow cells, thymocytes, or sperm from fluorescence-positive mice were labeled with 125I and the proteins of the plasma membrane solubilized, gp70 could be shown to be present.
A comparative acrylamide gel analysis of the viral, thymocyte, bone marrow, and sperm proteins is shown in Fig. 5 . From these studies, it is clear that in each case a molecule with the immunologic and biochemical properties of gp70 is present on the surface of thymocytes, bone marrow, and sperm cells of gp70-positive animals. During development (see above) a prominent site of expression of gp70 is the fetal liver. A molecule with a mol wt of 70,000 daltons could be shown to be present on the surfaces of embryonic liver cells (data not shown).
Concentration of gp70 in Tissues of Adult and Fetal Mice. Quantitation of gp70 in sera and spleens of groups of 3-mo-old mice of several strains (Table I) and in sera and several tissues of individual mice of various strains was done by radioimmunoassay (RIA) ( Table II) . The data in Table I shows the great differences in gp70 concentrations among murine strains. The two NZ strains and hybrid are significantly higher than other mice. The 129 G~x + and AKR mice appear to occupy an intermediate position and the C57BL/, C57Br, and 129 G~x-strains have the lowest concentrations. For the most part, these quantitative data fit with the immunofluorescence observations described above and are consistent with an earlier report (29) . There is, however, more gp70 found in the tissues of 129 G~x-mice by RIA than might have been expected on the basis of low serum gp70 levels and the failure to find gp70 in most tissues by immunofluorescence.
In Table II , the gp70 concentrations in a variety of tissues of single mice of NZB, C57BL/st, 129 G~x +, and 129 G~x-strains are presented. There were no consistent patterns of relative serum and tissue concentrations from strain to strain. The high values for epididymis in the NZB and 129 G~x + mouse fit with the fluorescence observations of high concentrations of gp70 in the lining epithelia.
The study of tissues during pregnancy revealed a sharp differential in gp70 concentration between uterus and placenta (Table III) . At both 14 and 18 days of gestation the uteri of all strains had a two-to fourfold higher gp70 concentration than did the placenta. The concentrations of gp70 in the whole fetus did not change consistently with progression of gestation. As suggested by fluorescence, the fetal liver had a significantly higher concentration of gp70 than the entire fetus, particularly at 14 days.
The p30 concentrations of the fetus did not change consistently throughout gestation but in the NZB and NZW mice appear to be higher at 10 days and 18 days than at 14 days (Table III) . Fetal and placental levels of p30 are much lower than maternal levels in uterus and spleen at all stages of gestation. As in No differences in degradation of gp70 were found when NZW (high gp70) and C57BL/st (low gp70) mice were injected with '25I-gp70. At 5 h, the amount of TCA-precipitable gp70 in the combined blood and viscera was: 23.3% for C57BL/st mice, and 22.9% for NZW mice. Thus, the rate of in vivo degradation of 
DISTRIBUTION OF MURINE LEUKEMIA VIRUS gpT0 IN MICE
125I-Friend gp70 as measured by this means bore no relationship to normal gp70 levels in the mice tested. The quantitative and immunofiuorescent observations on the 129 G~x-mouse infused with 345 fig gp70 indicated that circulating gp70 was not sequestered or concentrated at any anatomic site. As expected, the infusion increased the normally low serum gp70 to a concentration of 39 pg/ml of serum at time of sacrifice 6 h after the last injection. The tissue concentration of gp70 measured by radioimmunoassay in micrograms per gram was: vas-epididymis, 8.0; jejunum, 8.0; testis, 9.0; liver, 6.0; kidney, 10.0; spleen, 11.0; and thymus, 6.0; values similar to those found in untreated 129 G~x-mice (Table II) . In spite of relatively high levels of circulating gp70, for 10 h there was no significant deposition or concentration of gp70 detectable by immunofluorescence in any tissue.
The 129 Gxx + and 129 G1x-mice injected with 570 p~g gp70 over 4 days showed, by immunofiuorescence, at sacrifice (18 h after the last injection) a tissue distribution identical to that seen in untreated controls. Similarly, the amounts of gp70 in the tissues as measured by radioimmune assay were not elevated significantly in the G~x + mouse and only moderately elevated in the G[x-mouse.
Discussion
The major oncornavirus glycoprotein, gp70, appears to be present in relatively few cells of widely differing structure and function in a number of adult and fetal murine tissues. In view of the relationship of gp70 to thymocyte maturation, it is not surprising to find it in lymphoid tissue and bone marrow but its high concentration in a minority of medullary cells in the thymus might not have been expected. In nonlymphoid tissues, gp70 was concentrated in a variety of secretory and glandular epithelia of the gastrointestinal, genital, and urinary tracts. No function of gp70 at any of these sites of concentration is as yet recognized.
It is of considerable importance to realize that even in mice with high levels, production of gp70 does not predict the onset of neoplasia since it is expressed in a number of differentiated cells which rarely if ever become malignant. One reason for the fact that viral gene expression and oncogenesis are not coordinated may be that viral gene products have different oncogenic potential depending on the differentiated state of the cell. For example, insertion of a virion glycoprotein (i.e., gp70) into the plasma membrane of a thymocyte which must respond to environmental stimuli by controlled proliferation might be potentially more oncogenic than insertion of the same gene product into the membrane of a cell which under ordinary circumstances will divide very little. Alternatively, the differentiated state of the cell may determine if a virion glycoprotein gets incorporated into the plasma membrane at all.
One of the most important aspects of the gp70(G,x) system is the suggestion that expression of specific parts of the viral genome may be linked to differentiation. However, the present data show that control of expression of the gp70(G,x) marker is much more relaxed than previously suspected and expression is not confined to cells following the T-lymphocyte pathway of differentiation. Boyse and Bennett have already pointed out that the presence of G~x on sperm was an exception to the notion that Gtx was confined to T lymphocytes (30) and Fernandes et al. demonstrated the presence of viral particles in the reproductive organs of male NZB mice (31) . Interestingly, Bentvelzen and his colleagues showed that the mouse epididymis was a major site of expression of mammary tumor virus antigens (32) . With respect to control of expression of gp70, it is not unreasonable to assume that different regulatory or structural genes may be involved for different cells depending on their state of differentiation.
It is important to specify the exact relationship of the G~x marker to the gp70 molecule. The evidence suggests that G~x is a type-specific determinant on the gp70 molecule (33) . Thus, depending on the types of endogenous viral genome(s) expressed, we could expect to detect G[x+(gp70), or G~x-(gp70), or both. In short, if a mouse is G~x +, he must be gp70 + but if he is gp70 +, he need not be Gxx +. This relationship is seen most clearly in the congenic C57BL/6(G[x +) and C57BL/ 6(G~-) mice in which both Gix + and G~-(gp70) molecules are found (33) . Of particular pertinence to the present discussion is the fact that in these mice, the G~x+(gp70) and the Grx-(gp70) molecules are coded for (or regulated) by unlinked genes. Thus, any measure of group (fluorescent microscopy) or interspecies determinants (as in our RIA procedures) in gp70 could score as equivalent, molecules potentially coded for by different genes. These facts become important when considering the quantitative studies for congenic pairs of mice such as 129 Grx + and 129 G~-. Here the apparent levels of gp70 in the sera (as determined by RIA of interspecies determinants) and the levels of gp70 in the genital tract (as determined by fluorescent microscopy) parallel the segregation of the Gxx phenotype. But, using the interspecies RIA, the amount of gp70 in the spleen, liver, thymus, and testis does not clearly reflect the G~x phenotype. The simplest explanation for these data is that, as for the C57BL/6 mice, we are detecting by RIA two or more kinds of gp70 molecules coded for by different genes, only one of which carries the G~x-type specificity which we selectively detect by fluorescent microscopy. One reason for this may be that detection of a protein by fluorescent microscopy depends on point, not absolute concentration, a feature not distinguished by RIA. Thus, in the case of the 129 Glx + and G~x-congenic mice, we might be following genetic segregation of G~x+(gp70) on a background of constitutive expression of Glx:(gp70) in both strains. Studies are in progress to determine whether the genes which regulate gp70 expression at sites other than thymus show modes of inheritance similar to those operating in the thymus.
From the present observations, several conclusions concerning in vivo gp70 metabolism can be reached. First, in view of the comparable rate of degradation of ~25I-gp70 in high and low gp70 strains of mice and the comparable rates of loss of transfused gp70 from the circulations of high and low gp70 strains of mice, the considerable differences among gp70 levels in various strains of mice are likely caused by different rates of synthesis. Second, there is apparently no significant uptake or sequestration of circulating gp70 by any tissue as evidenced by the failure to identify elevated gp70 levels in any tissue or even in small cellular foci of 129 Gxx-mice in which very high serum gp70 levels were maintained for as long as 4 days. This suggests that the gp70 levels found in the tissues is at sites of synthesis. Third, the total amount of gp70 synthesis in the high gp70 strains is considerable if the half-life of circulating gp70 observed after passive transfer is applicable. In some strains such as the NZ with 50 ~g gp70/ml of serum, a halflife of 5.5 h for gp70 in the circulation would mean a synthesis of about 400/~g gp70/day for replacement of loss from serum and extravascular fluids alone. If in addition there were a degradation of gp70 in tissues or a direct excretory loss, the replacement of this amount would be added to that needed to sustain circulating levels.
We can compare the studies reported here for gp70 to the extensive studies of others in mice and chickens using p30(gs) as marker (25) (26) (27) (28) . As for gp70 the expression of p30 in chickens and mice is regulated by a dominant gene and its expression may or may not be coordinate with presence of infectious virus. In sharp distinction to gp70, expression of p30 correlates well with oncogenesis (29) . In normal mice, there is approximately 100 times the amount of gp70 as p30 in serum. If all the gp70 and p30 were present as virus particles, the expected mass ratio of gp70 to p30 would be about 1:6. Thus, it is evident that gp70 is produced in great excess over the need to combine with p30 in virus particles. In fact, the amount of gp70 produced in 1 day by some strains of mice if used for virus production would be enough for about 1013 virus particles. Continued study of these two as well as other virus markers in parallel will be of importance so that we can segregate markers which are predictive of neoplasia in later life from those which are "normal" constituents of the mouse.
Summary
Endogenous expression of the murine leukemia virus (MuLV) genome has been studied in a number of strains of mice. Expression of the major envelope glycoprotein, gp70, is restricted to certain anatomical sites and Jell types, prominent among which are lymphoid and epithelial cells. On a quantitative basis, the major site of gp70 expression is the male genital tract. During development, gp70 first appears in the hematopoietic liver of 14-day-old embryos and by day 18, it is already expressed at anatomical sites similar to those of the adult. In toto, these results show that control of expression of the MuLV genome in adult and developing mice is linked to differentiation.
